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ABSTRACT : 

PURPOSE: To prevent the generation of a crack in a 
semiconductor element or a 

ceramic package when the element is bonded, to the package 
with a bonding layer 

and the bonding layer is cured by a method wherein a 
plurality of bubble-like 

voids are provided in the bonding layer between the element 
and the package. 

CONSTITUTION: A ceramic semiconductor device is provided 
with a prescribed 

semiconductor element 1, a ceramic package 3 for housing 
the element 1, a 

multitude of internal electrodes arranged in the interior 
of the package 3 and 

a plurality of outer leads 5, which are connected 
electrically with the 

internal electrodes and are provided under the lower 
surface of the package 3 

into a terminal shape, and moreover, is provided with metal 
wires 4, which 
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connect electrically the element 1 with the internal 
electrodes, and a metal 

cap 6 for sealing the element 1 which is mounted in the 
interior of the package 

3. A plurality of bubble-like voids 9 are provided in a 
bonding layer between 

the element 1 and the package 3. For example, as a paste 
material 2 

constituting the bonding layer, a plate material containing 
a filler (Au, Al or 
the like) is used. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 *#** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed description] 
[0001] 

[Field of the Invention] this invention relates to ceramic-semiconductor equipment and its manufacture technique. 
[0002] 

[Prior art] Drawing of longitudinal section of an example of the conventional ceramic-semiconductor equipment is shown in 
drawing 4 . As shown in drawing 4 , this conventional example is equipped with a semiconductor device 1, the based material 2, 
the ceramic package 3, the metal wire 4, the external lead 5, and the metal cap 6, and is constituted, a semiconductor device 1 is 
pasted up on a ceramic package 3 through the paste material 2, and the semiconductor device 1 and the internal lead arranged in 
the ceramic package 3 are electrically connected by the metal wire 4. [ much ] Moreover, the external lead 5 is electrically 
connected to the concerned internal lead, the metal cap 6 is welded to the ceramic package 3, and, thereby, the semiconductor 
device 1 has the structure sealed inside the ceramic package 3. In such structure, when such residual stress is large, **** that a 
crack or sublation arises is in a semiconductor device 1 at a semiconductor device 1 . 

[0003] Such residual stress is explained to a semiconductor device 1 in here. The status of residual stress generate a 
semiconductor device 1 and the ceramic package 3 when pasting up by the heat-hardened type pace material 2 is shown in 
drawing 6 (a), (b), and (c). Drawing 6 is the fragmentary sectional view of structure which pasted up the semiconductor device 1 
on the upper part of a ceramic package 3 through the paste material 2, and the status which the curvature by residual stress 101 
has generated in the semiconductor device 1 and the ceramic package 3 after heat curing of paste material is shown. Drawing 6 
(a) is in the status before hardening by adhesion, drawing 6 (b) is in the status under hardening, and drawing 6 (c) is in the status 
after hardening. In addition, in drawing 6 (b) and (c), the orientation where residual stress 101 acts is shown. When the curvature 
by the residual stress shown in drawing 6 (c) is large, a crack or sublation occurs in a semiconductor device 1 , or when a ceramic 
package 3 is a thin shape ceramic package again, a crack occurs in the concerned ceramic package itself. 

[0004] if such above-mentioned residual-stress delta is shown in the following formula (1) by the semiconductor device 1 , it will 

get and it will appear in it 

[0005] 

delta=K**alpha**T 1/2 (Ea, Es, andL/X) (1) 

delta: Residual-stress [kg/mm2] 

K: Constant ** alpha :coefficient-of-thermal-expansion difference [1/degreeC] 

**T: Temperature- gradient [**C] 

Ea : elastic modulus of paste material [kg/mm2] 

Es : elastic modulus of a ceramic package [kg/mm2] 

L: The length of a semiconductor device [mm] 

X: Thickness of a glue line [mm] 

if it is easy to generate the crack of a semiconductor device 1 , sublation, or the crack again generated in the package in the case of 

a thin shape ceramic package itself from the above explanation so that residual stress is large — **** — things are understood In 

here, the following thing can be considered by referring to a formula (1) as technique of reducing residual stress. 

[0006] Technique 1 : Reduce the coefficient-of-thermal-expansion difference of a semiconductor device and a ceramic package. 

[0007] Technique 2: Use low-fever hardening type paste material. 

[0008] Technique 3: Reduction- ize the size of a semiconductor device. 

[0009] Technique 4: Thicken thickness of a glue line. 

However, if the trend of the latest semiconductor device is taken into consideration, both the above-mentioned technique 3 and 
technique 4 are unsuitable. Therefore, it is asked for examining the above-mentioned technique 1 and the above-mentioned 
technique 2 as technique of reducing residual stress. 

[0010] The conventional example of the semiconductor device proposed based on the study of technique 1 of the 
above-mentioned technique 1 and the technique 2 is shown in drawing 5 . The molybdenum plate 7 with which the plurality was 
divided into the field of area larger than the semiconductor device which should be carried as it is the example of a semiconductor 
device indicated by the Provisional-Publication-No. 80029 [ 64 to ] official report and it is shown in drawing 5 is fixed to the 
center section of a ceramic package 3 by the low material which carried out melting, and this conventional example is 
characterized by the structure of establishing and arranging the internal lead 8 used for the periphery as an object for an internal 
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wiring. Thus, by using the molybdenum plate 7 of a size divided into the field which fixes a semiconductor device, the residual 
stress which looks like [ hardening of the paste material by rapid heating ], and is therefore produced shall be reduced, and it shall 
have prevented that a crack occurs in a ceramic package. 
[0011] 

[Object of the Invention] When based on the above-mentioned Provisional-Publication-No. 80029 [ 64 to ] official report, in 
order to ease the residual stress leading to the crack generated in case a semiconductor device and a ceramic package are pasted 
up, the molybdenum plate which has the mean value of the coefficient of thermal expansion of a semiconductor device and a 
ceramic package is made to be fixed and placed between the center sections of a ceramic package in the conventional 
ceramic- semiconductor equipment mentioned above and its manufacture technique. However, for this reason, in the preceding 
paragraph story which pastes up a semiconductor device and a ceramic package, it is necessary to paste up a molybdenum plate 
beforehand to a ceramic package, there is a fault that the manufacturing process by this is added too much, and there is a fault that 
the manufacturing cost per piece of ceramic-semiconductor equipment becomes comparatively high-priced, by using the 
concerned molybdenum plate further. 
[0012] 

[The means for solving a technical problem] A semiconductor device predetermined in the 1 st ceramic-semiconductor equipment 
of invention, and the ceramic package which holds the concerned semiconductor device, Two or more external leads which are 
electrically connected with the internal electrode arranged inside the concerned ceramic package, and the concerned internal 
electrode, and are formed in the aforementioned ceramic package in the shape of a terminal, [ many ] The metal wire which 
connects the aforementioned semiconductor device and the aforementioned internal electrode electrically, It has at least the metal 
cap who seals the aforementioned semiconductor device carried in the interior of the aforementioned ceramic package, is 
constituted, and is characterized by having prepared the void of the shape of two or more foam in the glue line between the 
aforementioned semiconductor device and the aforementioned ceramic package. 

[001 3] Moreover, a semiconductor device predetermined in the 2nd ceramic-semiconductor equipment of invention and the 
ceramic package which holds the concerned semiconductor device, The external lead formed in two sides by which it connects 
with the internal electrode arranged and the concerned internal electrode electrically, and the aforementioned ceramic package 
faces the interior of the concerned ceramic package as a pair, [ many ] The metal wire which connects the aforementioned 
semiconductor device and the aforementioned internal electrode electrically, With the metal cap who seals the aforementioned 
semiconductor device carried in the interior of the aforementioned ceramic package ** — it is characterized by being constituted 
and having prepared the void of the shape of two or more foam in the glue line between the aforementioned semiconductor device 
and the aforementioned ceramic package as a flat type semiconductor device which it has as it is few 
[0014] Furthermore, the manufacture technique of the 1st ceramic- semiconductor equipment invention As a manufacturing 
process which pastes up a semiconductor device and a ceramic package, a stirring rod is used for the non-solvent type paste 
material included in the jar. 30 seconds or the 1st process which carries out grade stirring for 15 minutes, In the 2nd process 
which applies the paste material after the concerned stirring to the aforementioned ceramic package, and the 2nd process The 3rd 
process which carries the aforementioned semiconductor device on the aforementioned ceramic package which applied paste 
material, It corresponds to the ceramic package in which the aforementioned semiconductor device was carried, the 
aforementioned paste material Predetermined temperature conditions, By making it heat-harden under the suitable condition 
containing duration conditions and temperature-up rate conditions, the aforementioned semiconductor device and the 
aforementioned ceramic package are pasted up, and it is characterized by having at least the 4th process which forms a void in the 
concerned interior of paste material. 

[001 5] Moreover, the manufacture technique of the 2nd ceramic-semiconductor equipment invention In the 1 st process which 
applies the paste material containing a solvent to the aforementioned ceramic package as a manufacturing process which pastes 
up a semiconductor device and a ceramic package, and the 1 st process The 2nd process which carries the aforementioned 
semiconductor device on the aforementioned ceramic package which applied paste material, It corresponds to the ceramic 
package in which the aforementioned semiconductor device was carried, the aforementioned paste material Predetermined 
temperature conditions, By making it heat-harden under the suitable condition containing duration conditions and temperature-up 
rate conditions, the aforementioned semiconductor device and the aforementioned ceramic package are pasted up, and it is 
characterized by having at least the 3rd process which forms a void in the concerned interior of paste material. 
[0016] 

[Example] Next, this invention is explained with reference to a drawing. 

[0017] Drawing 1 is drawing of longitudinal section showing the 1st example of the ceramic-semiconductor equipment of this 
invention. As shown in drawing 1 , this example A semiconductor device 1 and the paste material 2, It has a ceramic package 3, 
the metal wire 4, the external lead 5, the metal cap 6, and the void 9, and is constituted, as paste material 2 It is characterized by 
forming especially the void 9 in the interior of the paste material 2 which pastes up and stiffened the semiconductor device 1 and 
the ceramic package 3 using the paste material containing fillers (Ag or aluminum). 

[00 1 8] As shown in drawing 1 , it sets to this example. As opposed to the ceramic package 3 by which the external lead 5 was 
arranged in the shape of a grid A semiconductor device 1 pastes up using the paste material 2, and the semiconductor device 1 
and the internal electrode are electrically connected by the metal wire 4. in addition — and the external lead 5 established in the 
shape of a terminal to the ceramic package 3 is also electrically connected to an internal electrode, and ceramic-semiconductor 
equipment is formed as structure where the semiconductor device 1 was sealed inside the ceramic package 3 with the metal cap 6 
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Two or more voids 9 are formed in the interior of the paste material 2 so that this example may show an example of the 
semiconductor device which used Ag paste and may be looked at by drawing 1 as paste material 2. By forming this void 9, it 
becomes easy to transform the paste material 2, the curvature of the semiconductor device 1 at the time of hardening is eased by 
this, and it is enabled to prevent the crack of a semiconductor device 1 , and sublation. 

[0019] The technique shown below in this example as the technique of forming this void 9 is taken. In using as paste material, 
non-solvent type paste material, for example, Ag paste etc., etc., using the stirring rod according the paste material 2 included in 
the jar to a glass rod etc., 30 seconds or by stirring about 15 minutes, air is enough included in the paste material 2, and it applies 
to a ceramic package 3 after that. And it is the technique of carrying a semiconductor device 1 on it, and pasting up a 
semiconductor device 1 and the ceramic package 3 by making the paste material 2 heat-harden in suitable conditions (for 
example, the case of Ag paste under the condition for 1 50 degreeC, 1 .5 hours, and temperature-up rate C[ of 3-30 degrees ]/), and 
forming a void 9 in the interior of the paste material 2. 

[0020] Next, the 2nd example of this invention is explained. Drawing 2 is drawing of longitudinal section showing this example. 
As shown in drawing 2 , this example is equipped with a semiconductor device 1, the paste material 2, the ceramic package 3, the 
metal wire 4, the external lead 5, the metal cap 6, and the void 9 like the case of the 1 st example, and is constituted, this example 
is an example of ceramic-semiconductor equipment at the time of using aluminum paste as an example of the paste material 2. 
Paste up a semiconductor device 1 and the ceramic package 3 through the paste material 2, and the external lead 5 and the 
semiconductor device 1 are electrically connected using the metal wire 4. It has the structure which sealed the semiconductor 
device 1 inside the ceramic package 3 using the metal cap 6, and the external lead 5 is formed in two sides which a ceramic 
package 3 faces. And two or more voids 9 are formed in the interior of the paste material 2 like the case of the 1st example. By 
forming this void 9, it becomes easy to transform the paste material 2, the curvature of the semiconductor device 1 at the time of 
hardening is eased by this, and the crack of a semiconductor device 1 and sublation can be prevented. 

[0021] Corresponding to this example, the following technique is taken as the technique of forming a void 9. In using the paste 
material containing a solvent (an aluminum paste like [ For example, ] this example etc.) Conditions suitable in the status 

omitting the procedure of the concerned solvent elimination and having been allowed to make the interior of the paste material 2 
contain an organic component ] (in aluminum paste) It is the technique of pasting up a semiconductor device 1 and the ceramic 
package 3, and forming a void 9 in the interior of the paste material 2 by making it heat-harden under about 350 degreeC, 
predetermined time, and the condition for temperature-up rate C[ of 3-30 degrees ]/. here — setting ~ a ceramic thin shape 
package (semiconductor device size:length x horizontal x thickness =8.72mmx5.50mmx - 0.300mm) According to the 
stress-analysis result (Package Size:length x horizontal x thickness =20.3mmxl 1 . Immx0.25mm and adhesion thickness 
=20-40micrometer) residual stress in case there is nothing to a glue line about a void » 40,6kg/mm2 it is - the residual stress at 
the time of preparing the void of 55% of volume ratios in a glue line in this example as contrasted with a thing — 28.4kg/mm2 it is 
— the reduction of about 30% of residual stress is realized 

[0022] As mentioned above, although the summary of the structure and a manufacture procedure was explained about the 1 st of 
the ceramic-semiconductor equipment by this invention, and the 2nd example, the effect realized by this invention is effective in 
the modality and combination of the ceramic package 3 and the paste material 2 not related. Next, the main point of the effect by 
this invention about the ceramic-semiconductor equipment at large which has the structure which pasted up the semiconductor 
device 1 on the ceramic package 3 through the paste material 2 is explained. 

[0023] Drawing 3 is the partial expanded sectional view of the jointing of a semiconductor device 1 and the ceramic package 3. 
In the ceramic-semiconductor equipment by this invention, as shown in drawing 3 , the void [ two or more / the shape of foam / (it 
j sa ****** gj-ade i n 10 - 65% of volume ratios to paste material) ] 9 is formed in the interior of the paste material 2 which has 
pasted up the semiconductor device 1 and the ceramic package 3 in random physical relationship at the concerned jointing. Thus, 
since the residual stress resulting from the difference of the coefficient of thermal expansion between a semiconductor device and 
a ceramic package is eased by the void prepared in the glue line, offer of the semiconductor device which the silicon chip by the 
concerned residual stress or the crack of a package does not generate is enabled. Moreover, as compared with the conventional 
technique which uses components, such as a molybdenum plate, it sets to this invention as a means to make the residual stress 
produced between a silicon chip and a ceramic package ease. The process which it does not need [ process ] to use components, 
such as a molybdenum plate, and makes a package fix the concerned molybdenum plate also becomes unnecessary, by this The 
ceramic-semiconductor equipment which can prevent the crack of a silicon chip or a ceramic package in the short time necessary 
for completion and a low cost conventionally is realizable. 
[0024] 

[Effect of the invention] As explained above, by preparing two or more voids in the interior of a glue line between a 
semiconductor device and a ceramic package, this invention becomes possible [ easing the residual stress between the concerned 
semiconductor devices and ceramic packages ], and, thereby, is effective in the ability to prevent occurrence of the semiconductor 
device at the time of adhesion hardening, or the crack of a ceramic package. 

[0025] Moreover, it is effective in the ability to also enable the crack of the semiconductor device in the large-sized chip loading 
semiconductor device expected that residual stress is large, prevention of sublation, and prevention of the package crack in the 
semiconductor device which used the thin shape package by preparing two or more voids in the interior of a glue line of a 
semiconductor device as mentioned above. 

[0026] And further, it is unnecessary to use a molybdenum plate and the process which attaches the concerned molybdenum plate 
in a package while use of an excessive component called a molybdenum plate is eliminated by this also becomes unnecessary so 
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that the conventional example may see, and it is effective in the semiconductor device which a semiconductor device or the crack 
of a package does not generate in the short time necessary for completion and a low cost rather than the conventional example 
being realizable. 



[Translation done.] 



4 of 4 



5/26/02 8:25 PI 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran. ..522%2520BGCOLOR%3D%2522lightyellow%2522 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim] 

[Claim 1] A predetermined semiconductor device and the ceramic package "which holds the concerned semiconductor device, 
Two or more external leads which are electrically connected with the internal electrode arranged inside the concerned ceramic 
package, and the concerned internal electrode, and are formed in the aforementioned ceramic package in the shape of a 
terminal, [ many ] The metal wire which connects the aforementioned semiconductor device and the aforementioned internal 
electrode electrically, Ceramic-semiconductor equipment characterized by having at least the metal cap who seals the 
aforementioned semiconductor device carried in the interior of the aforementioned ceramic package, being constituted, and 
having prepared the void of the shape of two or more foam in the glue line between the aforementioned semiconductor device 
and the aforementioned ceramic package. 

[Claim 2] A predetermined semiconductor device and the ceramic package which holds the concerned semiconductor device, 
The external lead formed in two sides by which it connects with the internal electrode arranged and the concerned internal 
electrode electrically, and the aforementioned ceramic package faces the interior of the concerned ceramic package as a pair, 
many ] The metal wire which connects the aforementioned semiconductor device and the aforementioned internal electrode 
electrically, With the metal cap who seals the aforementioned semiconductor device carried in the interior of the 
aforementioned ceramic package ** — the ceramic-semiconductor equipment characterized by being constituted and having 
prepared the void of the shape of two or more foam in the glue line between the aforementioned semiconductor device and the 
aforementioned ceramic package as a flat type semiconductor device which it has as it is few 

[Claim 3] As a manufacturing process which pastes up a semiconductor device and a ceramic package, a stirring rod is used 
for the non-solvent type paste material included in the jar. 30 seconds or the 1st process which carries out grade stirring for 15 
minutes, In the 2nd process which applies the paste material after the concerned stirring to the aforementioned ceramic 
package, and the 2nd process The 3rd process which carries the aforementioned semiconductor device on the aforementioned 
ceramic package which applied paste material, It corresponds to the ceramic package in which the aforementioned 
semiconductor device was carried, the aforementioned paste material Predetermined temperature conditions, The 4th process 
which pastes up the aforementioned semiconductor device and the aforementioned ceramic package, and forms a void in the 
concerned interior of paste material by making it heat-harden under the suitable condition containing duration conditions and 
temperature-up rate conditions, ** -- the manufacture technique of the ceramic-semiconductor equipment characterized by 
having that it is few 

[Claim 4] In the 1st process which applies the paste material containing a solvent to the aforementioned ceramic package as a 
manufacturing process which pastes up a semiconductor device and a ceramic package, and the 1 st process The 2nd process 
which carries the aforementioned semiconductor device on the aforementioned ceramic package which applied paste material, 
It corresponds to the ceramic package in which the aforementioned semiconductor device was carried, the aforementioned 
paste material Predetermined temperature conditions, The 3rd process which pastes up the aforementioned semiconductor 
device and the aforementioned ceramic package, and forms a void in the concerned interior of paste material by making it 
heat-harden under the suitable condition containing duration conditions and temperature-up rate conditions, ** -- the 
manufacture technique of the ceramic-semiconductor equipment characterized by having that it is few 
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TECHNICAL PROBLEM 



[Object of the Invention] When based on the above-mentioned Provisional-Publication-No. 80029 [ 64 to ] official report, in 
order to ease the residual stress leading to the crack generated in case a semiconductor device and a ceramic package are 
pasted up, the molybdenum plate which has the mean value of the coefficient of thermal expansion of a semiconductor device 
and a ceramic package is made to be fixed and placed between the center sections of a ceramic package in the conventional 
ceramic-semiconductor equipment mentioned above and its manufacture technique. However, for this reason, in the preceding 
paragraph story which pastes up a semiconductor device and a ceramic package, it is necessary to paste up a molybdenum 
plate beforehand to a ceramic package, there is a fault that the manufacturing process by this is added too much, and there is a 
fault that the manufacturing cost per piece of ceramic-semiconductor equiphient becomes comparatively high-priced, by using 
the concerned molybdenum plate further. 
[0012] 
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EFFECT OF THE INVENTION 



[Effect of the invention] As explained above, by preparing two or more voids in the interior of a glue line between a 
semiconductor device and a ceramic package, this invention becomes possible [ easing the residual stress between the 
concerned semiconductor devices and ceramic packages ], and, thereby, is effective in the ability to prevent occurrence of the 
semiconductor device at the time of adhesion hardening, or the crack of a ceramic package. 

[0025] Moreover, it is effective in the ability to also enable the crack of the semiconductor device in the large-sized chip 
loading semiconductor device expected that residual stress is large, prevention of sublation, and prevention of the package 
crack in the semiconductor device which used the thin shape package by preparing two or more voids in the interior of a glue 
line of a semiconductor device as mentioned above. 

[0026] And further, it is unnecessary to use a molybdenum plate and the process which attaches the concerned molybdenum 
plate in a package while use of an excessive component called a molybdenum plate is eliminated by this also becomes 
unnecessary so that the conventional example may see, and it is effective in the semiconductor device which a semiconductor 
device or the crack of a package does not generate in the short time necessary for completion and a low cost rather than the 
conventional example being realizable. 
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CONSTITUTION: A ceramic semiconductor device is 
provided with a prescribed semiconductor element 1, 
a ceramic package 3 for housing the element 1, a 
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containing a filler (Au, Al or the like) is used. 
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